Objective: Our aim was to find out which fasting glucose level should be the cut-off point for impaired glucose metabolism in obese patients.
INTRODUCTION
Obesity plays an important role in the pathogenesis of diabetes mellitus (DM). Central pattern of body fat distribution, increase of intra-abdominal and visceral fat ratio and of BMI are associated with the metabolic syndrome which includes hyperinsulinemia, abnormal glucose tolerance, hypertension, dyslipidemia, and cardiovascular disease ( 1 ). Meanwhile obesity itself has a high mortality and morbidity rate ( 2 ). While coronary heart disease tends to increase in non-diabetic obeses ( 3 ), cardiovascular mortality is higher in obese diabetics when compared to non-obese diabetics ( 4 ).
OGTT is frequently used in epidemiological studies which aim to assess risk factors of cardiovascular diseases. Plasma glucose level in the second hour of OGTT was found to be a strong indicator for cardiovascular diseases in the studies by Hoorn ( 5 ), Honolulu Heart ( 6 ), Chicago Heart ( 7 ) and recently DECODE study ( 8 ) . Especially in large population surveys OGTT (which is used to diagnose diabetes and also to determine the possible cardiovascular risk) increases the costs of the study. Thus, the studies have aimed to find the fasting glucose level in which having an impaired glucose metabolism risk is more frequent ( 9 , 10 , 11 , 12 ). In our study, the aim was to find out which fasting glucose level should be the cut-off point for impaired glucose metabolism in obese patients.
METHODS
257 (195 females, 62 males) patients who have applied to Endocrinology Department of Medical Faculty of Trakya University because of obesity were randomised to the study. Their diabetes history was unknown. Their physical examinations were done. Systolic (SBP) -diastolic (DBP) blood pressures and anthropometric data [weight, height, waist, and hip circumstance, waist-to-hip ratio, and BMI (kg/m²)] were measured for all individuals. Venous blood samples were obtained from the patients after at least 9 hours of fasting for the assessment of glucose, insulin, cholesterol, triglyceride, and high-density lipoprotein (HDL) levels. All patients were made to drink 75gr glucose for OGTT. Then venous blood samples were obtained again to measure the 2 nd h glucose level.
Glucose oxidase method (Beckman Coulter LX20) was carried out to measure glucose, spectrophotometric method (Beckman Coulter LX20) was used to measure triglyceride, cholesterol and HDL. Low-density cholesterol (LDL) level was calculated according to Friedewalds' formula [LDL = Cholesterol-(triglyceride/5+HDL)] ( 13 ). Insulin was measured by chemiluminescens method (Immulate DPC).
Insulin resistance was assessed according to homeostasis model (HOMA= Fasting plasma glucose (FPG) mmol/l x insulin IU/ml / 22.5 ) and HOMA >4 was accepted as insulin resistance ( 14 ).
Patients were divided into four groups according to their fasting plasma glucose levels. Patients with glucose levels 80-89 mg/dl (4.4-4.9mmol/l) were group 1, those with 90-99mg/dl (5.0-5.5mmol/l) were group 2, those with 100-109 mg/dl (5.6-6.0mmol/l) were group 3, and those with 110-125mg/dl (6.1-6.9mmol/l) were group 4.
The glucose metabolism states of all groups were defined by using their FPG and OGTT values according to the criteria which are mentioned below. FPG levels and 2 nd h plasma glucose levels of the OGTT were evaluated according to the criteria of American Diabetes Association (ADA) ( 15 ).
Patiens who had glucose levels 126mg/dl ( 1.
7mmol/l) in two different measuring were diagnosed as diabetic and were excluded from the study.
Fasting glucose level <110mg/dl (<6,1mmol/l) and 2.
2 nd h glucose level of OGTT <140mg/dl (<7.8mmol/l) were considered as "normal glucose tolerance".
Fasting glucose levels between 110mg/dl and 3.
<126mg/dl ( 6.1-<7.0mmol/l) and 2 nd h glucose level of OGTT <140mg/dl (<7.8mmol/l) were accepted as "impaired fasting glucose".
2 nd h glucose levels of OGTT between 140mg/dl 4.
and 199 mg/dl (7.8-11.05mmol/l) were defined as "impaired glucose tolerance (IGT)".
2 nd h glucose levels of OGTT 200mg/dl ( 5.
11.1mmol/l) were accepted as "diabetes mellitus".
STATISTICAL ANALYSIS
Statistical analysis was performed by SPSS. Data are given as means and SDs or percentages. Differences between proportions were tested by Chi-square and Fisher fraction analysis. Differences between continuous variables were tested by an unpaired t test, non-parametric ANOVA.
Differences between independent groups were tested by nonparametric t-test (Mann Whitney U). Analysis was made with help of the computer program MINITAB Version 13.
(license no: wcp 1331.00197).
RESULTS
257 patients who participated in the study were divided into four groups according to the FPG levels which were mentioned above. When all of the groups were evaluated by using the definitions that they had been given after they had gotten OGTT, 104 (%40.4) cases were found out to be normal, 40 (%15.5) cases had impaired fasting glucose, 85 (%33.0) cases had impaired glucose tolerance, and 28 (%10.9) cases were diabetic. When impaired glucose tolerance and DM were evaluated together as impaired glucose metabolism, there were 113 (%43.9) cases in total ( Table-II ). 
DISCUSSION
Obesity is one of the components in insulin resistance syndrome. Like hyperinsulinemia, hypertension, dyslipidemia, and impaired glucose metabolism, it plays an important role in the development of cardiovascular diseases ( 16 ). Obesity is a risk factor for DM and hypertension (   1   ,   3 ). Therefore, early discovery of other risk factors that contribute to cardiovascular disease is important in obese patients.
In our study, we examined the OGTT results of groups whose BMI's were above 30 kg/m². The separation the groups had been made by regarding the FPG values. The other characteristics of the groups like gender, lipid profile, and insulin levels were not significantly different than each other. This examination led us to the significantly higher impaired glucose metabolism frequencies in 3 rd and 4 th groups in which FPG were above 100mg/dl (5.55 mmol/l) ( Table-II) . In a previous public study in which OGTT was applied to non-obese participants, cut-off levels of FPG were suggested as 100.8mg/dl (5.6 mmol/l) for DM and 90mg/dl (5.0mmol/l) for impaired glucose tolerance ( 9 ). Rodriguez et al. ( 11 ) reported that 110mg/dl (6.1mmol/l) was the FPG value by which the most of the diagnosis of DM could be made after having OGTT. Tai et al. ( 17 ) found the microvascular complications in 90.7 % of patients who were diagnosed DM with OGTT and whose fasting plasma glucose levels were between 108-126mg/dl (6.0-7.0mmol/l). In our study, the mean FPG value of the 3 rd group in which the frequency of impaired glucose metabolism increased significantly was 104.16±2.73 mg/dl (5.78±0.15mmol/l).
The prevalence of hypertension is higher in patients with DM and IGT ( 18 ). We also found that the systolic blood pressures of patients who had impaired glucose metabolism were higher than those of the other groups (Table-III) . This result points out that obesity is an important risk factor for the development of DM and hypertension and for both diseases have probably common risk factors. Therefore it is appropriate to investigate impaired glucose metabolism in hypertensive patients.
A recent study showed that obesity, age, family history and sedentary lifestyle are risk factors for DM and IGT ( 19 ). In our study, the age of the patients with impaired glucose metabolism was greater than that of the normal group. It is advised that patients should be investigated in more detail for cardiovascular disease and its risk factors after fifth decade of age.
Although there is no statistically significant difference between the groups, HOMA values are higher especially in the 3 rd and 4 th groups. Also, HOMA value is above 4 in the groups which are diagnosed to have impaired fasting glucose and impaired glucose metabolism. Thus, as we mentioned before, insulin resistance is found in the pathogenesis of the insulin resistance syndrome whose components are obesity, hypertension, dyslipidemia, and impaired glucose metabolism.
In conclusion, obesity, hypertension, impairments of glucose metabolism, dyslipidemia are very important risk factors for cardiovascular diseases. Therefore, early diagnosis is extremely important. It is appropriate to look for the other risk factors in patients who have any one of these risk factors.
We think that it is necessary to apply OGTT to obese and hypertensive patients whose fasting plasma glucose levels is above 104mg/dl (5.78mmol/l) in order to both to prevent the high rates of mortality and morbidity and also to reduce the expensive cost. 
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